(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



I 



(11) 



lillllllilll 

EP1 215 304 A1 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intci7: C25D3/10, C25D 5/14 




19.06.2002 Bulletin 2002/25 


(21) 


Annliratinn numhpr" 01128826 3 

f^k^k^ 1 i^ciLi 1 1 1 lui 1 ik^d • V ■ ■ fcif If fc^r itt 




(22) 


Date of filing: 04.12.2001 




(84) 


Designated Contracting States: 


(72) Inventor: Frediani, Lido 




AT BE CH CY DE DK ES Fl PR GB GR IE IT LI LU 


10093 Collegno (Torino) (IT) 




MC NL PT SE TR 






Designated Extension States: 


(74) Representative: Banfi, Paolo 




AL LT LV MK RO SI 


Bianchetti Bracco l\/linoja S.r.l. 






Via Rossini, 8 


(30) 


Priority: 06.12.2000 IT MT002655 


20122 Mllano (IT) 


(71) 


Applicant: Frediani, Lido 






10093 Collegno (Torino) (IT) 





(54) Two-layer chrome-plating process 



(57) Disclosed is a galvanic chrome-plating process with a multiple layer of chrome, conducted in an electrolyte 
bath to which additives able to prevent microcracking of the first layer of chrome are added. 



O 
CO 

in 



liJ 



Printed by Jouve, 75001 PARIS (PR) 



1 



EP1 215 304 A1 



2 



Description 

FIELD OF THE INVENTION 

[0001] This invention relates to the use of additives 
for chronrie-plating baths and a process of chronne elec- 
trodeposition with the said additives. 

STATE OF THE ART 

[0002] Ghronne-plating, as nornrially perfornned, 
presents numerous drawbacl<s, the nnain ones being 
macrocracks or crazing in the case of deposits thicker 
than approx. 0.001 nnm, which considerably reduce cor- 
rosion-resistance; low cathode efficiency; weak pene- 
trating power (in terms of the percentage deviation of 
the objective distribution ratio of the metal by reference 
to the theoretical current distribution ratio, as defined by 
E. Haring and W. Blum); and weak covering power (de- 
fined as the minimum current density at which the 
chrome deposit begins to form); in addition, the internal 
tensions in the layer deposited reduce the fatigue resist- 
ance of the chrome-plated article. 
[0003] The various proposed methods of eliminating 
macrocracks or crazing include high bath temperatures: 
macrocracks are considerably reduced at the tempera- 
ture of approx. 70-80°C. However, the use of these high 
temperatures involves considerable practical difficulties 
and reduces the hardness of the chrome deposited. The 
residual tension must be eliminated by heat treatment 
of the chrome-plated articles at high temperature. 
[0004] This invention relates in particular to hard 
chrome-plating, also known as industrial chrome-plat- 
ing, which is designed to form chrome deposits that give 
the underlying metal high corrosion resistance and im- 
proved physical and mechanical properties. Its appear- 
ance can vary (bright, semi-bright, dull, etc.), as can its 
hardness, depending on the electrochemical process 
used. Microcracks may be deliberately introduced for 
various purposes (e.g. the hydraulic industry, chrome- 
plating of engine cylinders, etc.) which require lubricant 
to adhere well to the chrome-plated surface. 
[0005] However, sufficient corrosion resistance is still 
required for these types of chrome deposit. 
[0006] Chrome-plating, as normally performed in ac- 
cordance with known processes, presents two main 
drawbacks: 

a) deposits thicker than approximately 0.001-0.002 
mm are generally subject to cracking or crazing, 
which considerably reduces their corrosion resist- 
ance 

b) the internal tensions in the layer deposited re- 
duce the fatigue resistance of the chrome-plated ar- 
ticle. 



DESCRIPTION OF INVENTION 

[0007] Herein provided is a process for chrome elec- 
trodeposition in two layers, wherein the first layer of 

5 chrome has a hexagonal crystalline structure, with the 
result that the deposit is dull, with no cracks, and the 
second layer is a body-centred cubic lattice and is there- 
fore bright, with microcracks. 

[0008] Chrome-plating is widely used to protect metal, 
especially ferrous articles, against corrosion; there is 
consequently continual demand for industrial chrome- 
plating with electrolytic deposits of chrome which offer 
improved corrosion resistance. 

[0009] This invention relates to electro chrome plating 
processes substantially based on improved chrome- 
plating baths, with which two or more layers of chrome 
with different crystalline structures are applied to the ar- 
ticle to be chrome-plated using a single galvanic bath. 
[0010] As known, a chrome bath obtained with pulsat- 
ing waves is not cracked, and therefore offers high cor- 
rosion resistance. Conversely, its hardness and elastic- 
ity (resistance to thermal and mechanical shocks) is low- 
er than that obtained by the conventional method, which 
means that the use of pulsating waves is not effective 
for industrial chrome-plating with the mechanical char- 
acteristics normally required. 

[0011] To eliminate these drawbacks, as the market 
demands microcracked chrome, this invention uses the 
two (or more) chrome layer system. Afirst, non-cracked 
layer, obtained with the use of an electrolyte solution 
containing sulphobetaines of heterocyclic bases as ad- 
ditives to inhibit microcracking, is deposited, followed by 
a second, microcracked layer of chrome with the prop- 
erties of hardness, elasticity and high protection normal- 
ly required, because the first, uncracked layer prevents 
the cracks from reaching the metal base. 
[0012] High corrosion resistance results from the 
choice of the correct thickness of the two layers. 
[0013] The process in accordance with the invention 
is essentially based on the use of specific additives for 
the galvanic chrome-plating bath. In addition to the sul- 
phobetaines mentioned above, represented by the gen- 
eral formula: 



^5 a) X+(CH2)nS03" wherein n = 1 -3 and X represents 
a nitrogen containing heterocyclic base selected 

from pyridine, pyridazine, pyrimidine, pyrazine, pip- 
erazine, methyl pyridine, imidazole, nicotinic acid 
and quinoline, 

50 one or more of the following compounds may be 
used as additives: 

b) heterocyclic bases quaternised with alkane mo- 
no- and disulphonic acids of general formula: 

55 b') CH3(CH2)nS03X, Wherein n = 0-2 and X is 

a protonated nitrogen -containing heterocyclic 
base of the type indicated in paragraph a) 
above, and 
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b") XS03(CH2)nS03X', wherein n = 1-3, X and 
X' are protonated nitrogen-containing hetero- 
cyclic bases of the type indicated in paragraph 
a) above, or hydrogen, provided that at least 
one of X and X' is a nitrogen-containing hete- 
rocyclic base 

c) sulphonamides of general formula: 

c') CH3(CH2)nS02HN2, wherein n = integer 
fronn 0 to 4, and 

c") (CH2)n(S02NH2)2, Wherein n = integer from 
1 to 4. 

[0014] The quantity of group a) additives is usually be- 
tween 0.1 and 2 g/L of solution; the quantity of class b) 
and c) additives is usually between 1 and 5 g/L. The 
chrome-plating bath contains 200 to 400 g/L of Cr03, 
preferably 250 g/L, and 2-4 g/L of H2SO4, preferably 3 

g/L. 

[001 5] The electrolytic process can be performed with 
an average current to the cathode of up to SO-A/dm^ 
without any risk of "burning" in the projecting areas with 
a higher current density. 

[0016] The bath temperature is usually between 45 

and 60°C. 

[0017] In the process in accordance with the inven- 
tion, a compact layer of chrome with no cracks, with a 
thickness of approx. 5 microns, is deposited during the 
first stage, giving the metal beneath it good corrosion 
resistance. Chrome deposition continues in the same 
bath with the deposit of a second layer which is substan- 
tially microcracked due to the gradual reduction in the 
inhibitory effect of the additive used, especially the sul- 
phobetaine type, once certain chrome thicknesses are 
reached. The two-layer chrome-plating thus obtained 
consequently combines high corrosion resistance with 
excellent mechanical and lubricant adherence proper- 
ties. 

[001 8] At the first stage, which corresponds to the for- 
mation of the first layer (or base layer), the method of 
pulsating-current supply can be used. In this case, a 
base layer without microcracks can be obtained even 
with very high thicknesses, thus giving the finished prod- 
uct a very high level of corrosion resistance. 
[0019] In known process, after the uncracked base 
layer of chrome has been applied, additional chrome 
layers must be applied in a subsequent, different gal- 
vanic bath to give the chrome-plated product high cor- 
rosion protection (the first layer must obviously be acti- 
vated to ensure good adherence of the second layer). 
[0020] This invention enables the base layer of 
chrome and one or more successive overlayers to be 
applied in a single galvanic bath . This enormously sim- 
plifies the equipment used and the process compared 
with the known technique, which requires at least a sec- 
ond chrome-plating bath and a third activating bath. 
[0021] Galvanic chrome-plating baths to which alkyi 



sulphonic and alkyI polysulphonic acids are added were 
introduced into industrial practice in the Fifties, and were 
revived in the Eighties. The aim was to replace the flu- 
orides in the sulphate + fluoride baths used in the known 
5 technique, while maintaining the high cathode efficiency 
of these baths. 

[0022] Unfortunately, this proposed alternative to the 
conventional baths and fluorides was a commercial fail- 
ure, due to: 

rapid deterioration and consumption of the lead an- 
odes 

degradability of the alkanesulphonic or disulphonic 
acids into their acid form or their organic salts. 

[0023] It has now been found that the use of the ad- 
ditives in accordance with the invention, obtained from 
nitrogen-containing heterocyclic bases and identified in 
paragraphs a) and b) above, presents a further advan- 
tage, namely that corrosion and encrustation of the lead 
or lead-alloy anode is much lower than is the case with 
conventional baths not containing the said compounds. 
[0024] Although cathode efficiency is lower than with 
baths containing known alkanesulphonic acids as addi- 
tives, the main purpose of this invention is to deposit two 
layers of chrome in a single operation with a single gal- 
vanic bath, strongly reducing lead anode consumption, 
regardless of cathode efficiency. 



[0025] Chrome is deposited using an electrolyte solu- 
tion containing: 

• Cr03 250 g/L 

• H2S04 2.5g/L 

• pyridine quaternised with methanedisulphonicacid, 
2 g/L 

• sulphopropylpyridinium betaine 1 g/L, 

[0026] Bath temperature: 58° C, direct current; current 
density at cathode: 50 A/dm^. 

[0027] A first, uncracked layer of chrome 5 microns 

thick is thus formed. 

[0028] As chrome electrodeposition continues, a sec- 
ond, microcracked layer (600 microcracks per cm) is 
formed, making a total thickness of 30 microns. 
[0029] The chrome-plating thus obtained has a bright 
appearance, a hardness of 1000 0.1 HV, and corrosion 
resistance in saline mist (UNI 5687-73 method) of 125 
hours. The corrosion resistance of normal chrome-plat- 
ing obtained with conventional baths, measured by the 
same method, is around 40-60 hours, depending on the 
preparation of the metal base. 

Example 2 

[0030] In a bath with the composition: 
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• Cr03 250 g/L 

• H2SO42.5 g/L 

• pyridine quaternised with metlianedisulplionic acid, 
2 g/L 

• sulpliopropylpyridinium betaine 1 g/L, 

batli temperature: 58° C; pulsating current (duration of 
negative pulse E = approx. 0.3 sees, interval between 
two negative pulses D = approx. 15 sees); current den- 
sity at cathode: 50 A/dm^. 

[0031] A crack-free layer with a thickness of 10 mi- 
crons is formed. 

[0032] Chrome electrodeposition continues with di- 
rect current, and a second, microcracked layer (600 mi- 
crocracks per cm) with a thickness of 20 microns is 
formed. 

[0033] The chrome-plating thus obtained, with a total 
thickness of 30 microns, has a bright appearance, a 
hardness of 1000 HV 0.1, and corrosion resistance of 
250 hours, measured as stated in Example 1 . 

Example 3 

[0034] In a bath with the composition: 

• CrOg 250 g/L 

• H2SO4 3 g/L 

• methanedisulphonamide 2 g/L 

• sulphopropylpyridinium betaine 1 g/L, 

at the temperature of 58°C, chrome electrodeposition is 
performed at 20 /Vdm^. 

[0035] A first uncracked chrome deposit with a thick- 
ness of 5 microns is thus formed; as chrome elec- 
trodeposition continues, and the current density is in- 
creased to 45 /Vdm2, a second deposit of microcracked 
chrome (600 microcracks per cm) is formed to give a 
total thickness of 20 microns (5 microns uncracked and 
15 microns cracked). 

[0036] The chrome-plating thus obtained resembles 
Example 1 in terms of the characteristics of the chrome 
deposit. 



Example 5 

[0038] In a bath with the composition: 

5 • Cr03 300 g/L 

• H2SO4 3.5 g/L 

• methanedisulphonamide 2 g/L 

• N-sulphopropylpyridinium betaine 1 g/L, 

10 the same mechanical characteristics as described in the 
preceding examples are obtained. 

Claims 

15 

1. Galvanic chrome-plating process with a multiple 
layer of chrome, performed in a single electrolytic 
bath containing 200-400 g/L of CrOg and 2-4 g/L of 
H2SO4, maintained at a temperature of 30-80°C, 
20 characterised in that it comprises the following ad- 
ditives able to prevent microcracking of the first lay- 
er of chrome, which has a thickness of up to 5 mi- 
crons: 

25 a) alkanesulphonic acid derivatives of the sul- 

phobetaine type, represented by the general 
formula: 

30 X^(CH2)nS03- 

wherein n = 1-8 and X represents a nitrogen- 
containing heterocyclic base selected from py- 
ridine, pyridazine, pyrimidine, pyrazine, piper- 
35 azine, methyl pyridine, imidazole, nicotinic acid 

and quinoline 

and at least one of the following compounds: 

40 b) heterocyclic bases quaternised with alkane 

mono- and disulphonic acids of general formu- 
la: 
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Example 4 

[0037] In a bath with the composition: 

• Cr03 280 g/L 

• H2SO43.5 g/L 

• pyridine quaternised with methanedisulphonic acid, 
3 g/L 

• sulphoethylpyridinium betaine 1 g/L, 



45 b') CH3(CH2)nS03X 

wherein n = 0-2 and X is a protonated nitrogen- 
containing heterocyclic base of the type indicat- 
ed in paragraph a) above, and 

50 

b") XS03(CH2)nS03X' 



following the procedure stated in the other examples, 
the same deposition results are obtained. 



wherein n = 1-3, X and X' are protonated nitro- 
55 gen-containing heterocyclic bases of the type 

indicated above, or hydrogen, provided that at 
least one of X and X' is a nitrogen-containing 
heterocyclic base 
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c) sulphonamides of general formula: 

c")CH3(CH2)nS02NH2. 

5 

wherein n = integer from 0 to 4 

c") (CH2)^(S02NH2)2, 

10 

wherein n = integer from 1 to 4. 

2. Process as claimed in claim 1 , in which a pulsating- 
wave current is applied to the electrolytic cell at the 
first stage, corresponding to the formation of the is 
first, microcrack-free layer. 

3. Process as claimed in claim 1 , in which the sulpho- 
betaine additive is used in amounts of 0.1 to 2 g/L. 

20 

4. Process as claimed in claim 1 , in which the additive 
comprising a heterocyclic base quaternised with al- 
kane mono- and disulphonic acids is used in 
amounts of 1 to 5 g/L. 

25 

5. Process as claimed in claim 1 , in which the additive 
comprising a sulphonamide of alkane mono- and di- 
sulphonic acids is used in amounts of 1 to 5 g/L. 

6. Process as claimed in claim 1, in which the additives 30 
are used simultaneously in the concentrations 
specified. 
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